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WI ABSTRACT 

Energetic compounds of the formula 

SF5N=C-Rl 
I 
R2 

wherein RI is --OCH2CH~C(NO~)j, =-ax+ 
ClhJ02)2CH3, -QCHtCfl02);, --OCHyZF( NO 2j2, 
--OC&CFW&), or --OCHzCF3, and wherein R:! is 
--OCH2CH2C(NU2)j, --OCH2CF(N02)2, 

’ ‘--OCH2CF2(NU2), --OC&CFj, --NH2, -XHCH2C- 
HzONO2, or --N(N02)CH2CH20N02. 
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HIGH DE?MTY EXERGETK MATERIAI 

CROSS REFEREKE TO RELATED 
APPLICATIQM 5 

This is a continuation-in-part of copending applict- 
aion Ser. Xo. 071553,635, filed on Jul. 18, 19?0 and nou 
abandoned. 

BACKGRQUNII OF THE INVENTION 10 

This invention relates to explosives and more particu- 
larlv high energy organic explosives. 

tie synthesis of 2-fluoro-2.2dinitrct~~t~c~orufor- 
mate, (NU2)2FCCH$X(O)Cl, for use as ah intermedi- 15 
ate in preparation of energetic compounds was reported 
by 3. P. Senet and C. Ucciani in a French patent (FL 
Demande 2,337,228; Mav 6, 1977). A limitation of 20 
fluoro-2,2-dinitraethykhioroformare is that energetic 
derivatives from this intermediate do not generally have 20 
unusually high densities or oxidant balances. For ener- 
getic materials, densitv is a critical property since the 
performance of the katerial is proportional to the 
square of its densitv. The oxidant balance of an ener- 25 
getic material is aid an important property since tner- 
gecic plastictiers and explosives with high oxidant bal- 
ance are preferable for USC in explosive formulations 
(essentially al1 explosive formulations are fuel rich and 
extra oxidant wi13 produce additional energy). 30 

Therefore it would be desirable to provide new ex- 
plosives having higher densities and energies and also 
higher oxidant balances. 

SUMMARY OF THE KVENTfOX 
35 

Accordin& an object of this invention to provide 
new explosives. 

Another object of this invention is to provide new 
high de&y, energetic explosives. 

A funher object of this* invention is to provide new 40 
high energy explosives having hieh oxidant balances. 

?hese an’d other objectives of ihis invention are ac- 
compiished by providing compounds of the formula 

45 
SF+=?--Ri 

R? 

wherein RI is --OCH~cH2C(N0~)~? -OCH~C- 
(F02)$3-I3? --OCH$ZcXCl2)3, --OCH$ZF(NQ;):, 50 
--OCH:CF$YO~). or -OC&CF;, and wherein R2 is 
--OCHQ-i~C~U2)~, -oCH~CF#JO:), 
--oC&CF2(lW2), -0CH2CF3, -N&+ -NHCH:C- 
H$Iw02, Qf -N~N02)CH2CH$XQ, and wherein 55 
RI and R;! may be the same or different. 

DETAILED DESCRIPTIOX OF THE 
PREFERRED EMBQDIMEKT 

Ener_eeric compounds of rhe formula 60 

are prepared by reacting pentafluorosulfan~ldich~oroi- 65 
mine. SF+dCl:. with an alcohol R +I in a 1: 1 molar 
ratlo In the presence of a base. such a5 pydlne. 10 pr@- 
duce a cornpound of the formula 

2 

and then reacting the compound (II) u?ith a compound 
of the formula R2H in a 1:I mohr ration, in the presence 
of a base (e.g., pyridinej when RzfI is an alcohol, to 
produce the campound 

wherein RI is preferably --0CH2CH2C(NQ);. 
-0CH2C(N02)2CH;, -0C-H~C(N02)3, --OCHlCF- 
(N&)2, 4C&CF2(N09, or -0CW2CF3, and X2 is 
preferable --OCHlCH2C(NO;)3, --QCH:CF(?W;):, 
-OCHkF2(-N02), --OCHzCF3, -XH:. -M-KHzC- 
W20NU2, or -N(N02)CHQ+UNO~. Of rhese 
groups --OCH2C(NO& and --OCH2C(X02)2CHj are 
less preferred because care must be taken to avoid 
defomylation under basic reaction conditions. The 
groups OCHzCFj , and --OCHtCF~(IQ) are less 
preferred because of their low explosive content. 
Therefore RI is more preferable --OCH2CH~C(NQ): 
or -0CH7CF(N02)2. RI w is most preferably? 
-OCH2CF(N02)2 because this group combines supe- 
rior stability with excellent explosive content. Similarly, 
Rz is more preferabl v --OCH2CH2C(NO2)>, 
--OCH$F(N02)3 -NH2: -MKH2CH:0~02. or 
--N(NO;)CH2CH$XW2. R2 is still more preferaM\ 
-CWtCH2C(NU2)3, --NH2. -NHCH$H20NU2, oi 
N(NO~)CH$ZH$3NO~. 

All of the compounds iTr this invention are useful as 
energetic ingredients for expbsives or propellants. 
However, some of the compounds will find use as high- 
melting solid ingredients whereas other will be useful as 
HOW melting. energetic plasticizers. When R&Q the 
melting point generally will be higher than ulhen 
R+Rz. Likewise, -NW: groups tend fo raise the 
melting points of these compounds. For example. 

has a melting point of 4” C. (see Example 5) whereas 

has a melting point of W-77’ C- (see Example 6) Using 
mixtures of compounds will also depress the melting 
point. 

A prior an method of preparing the starting material 
pentafluorosulfanyldichloroimine, SF_sXzCCiz, is * 
presented after the examples. 

1x1 the first srep of rhe svnrhesis. each mo;e of pentz- 
fluorosulfanyldichloroimine is reacted with one mole of 
an energetic alcohol which is preferably X?trinitro- 
propanol. 2,2-dinicropropanoi. 2.2.2-rrinitroethanoi. 
2-fhoro-2.2 -dinirroerhanoi. 2.Z-difiuOrC7-2-nl:roethanr,i. 
2.2.Z-trlfluoroethanol. or mixture: rhereof. More pre- 
ferred energew alcohoic are ~.2.2-tnnlrro~ropa~~!. 
2-fhoro-2.x- dinitroethanoj. or mtsr ux Thereof. \{‘I; > 
2-fluoro-2.2-dinitroethanol belr?g std! more preferred 



3 
The product of the reaction will preferably be 3,3,3- 
trinitropropylchloroformate, pentaflllorosulfanvlimine 
[SF5N-c(CI)OCH2CH2C(N02)31; 2,2-dinirropropyl- 
chloroformate, pentanuorosu~fanvlimine 
[SFsNII-r(C~)QCH2C(NUt)?CW3]; 2,2,24rinitroethvl- 
chloroformate. pentafluorosulfan ylim~ne 
[SF5N--r(Cl)OCHzC(NU2)3]; 2-flucm-2,2dinitroe- 
th~lchlorofomlate, pentanuorosulfany~iminc 
[SFfN--r(CI)OCH2CF(NU2)?]; 2,2difluaro-2-nitroe- 
th_vlchloroformate, pentafluorosulfanvlimine 
[SFsN--rrCI)OCH2CF2(NO2)]; 2,2,2-trifIuor&thyl- 
chloroformate, pentafluorosulfanylitnine 
[SF~N~(C~)OCH~CFJJ; or mixtures thereof. More 
preferably the product will be 3,3,3&nitropropyl- 
chloroformate, pentafluorosulfany~imine; 24uaro-2,2- 
dinitroethylchloroforrnate, pentafluorosulfanylimine; 
or mixtures thereof. Must preferably the product will be 
2-fluoro-2,2dinitr~thylchioroformate, pentafluorosuL 
fanyG.mine. This first reaction is run at low temperature 
preferably from abuut 0’ C. to about W C., and more 
preferably from 0’ C. to 5’ C. This reaction is run in the 
presence of a base such as pyridine, with pyridine being 
most preferred. The reaction is Nn in a suitable inert 
solvent such as a halohydrocarban, preferably chloro- 
form. dichloromethane, 1, 1 -dichhxoethane, 1,2- 
dichIoroethane, I, 1,1 -trkhloroerhane, 1, l&trichloroe- 
thane. uf xnixture thereof, with dichloromcthane being 
most preferred. Exampie 1 illustrates the preferred con- 
ditions for this first reaction step. 

In the second reaction step, the pentafluorosuIfanyL 
chloroimine compound produced in the first reaction 
step is reacted with a compound which is 3,3&trinitra- 
propanol, )IOCWzC&C(N02)3; 2-nua~ag2,2~dinirroeo 
thanol, HOCIQCF(IW92; 2,2-fluor~g2-nitraethancrl, 
HOCH~CF902); 2,2.2-trifluoroethanol, NQCH2CFj: 
ammonia, IW j; ethanolamine, )30C&CH$H:: or 
mixtures thereof. When ammonia or ethanolamine is 
reacted with the pentafiuorosurfanylchloroimine com- 
pound no additional base is needed (set Example S and 
4). However, for the remaining compounds the reaction 
is run in the presence of a base such as pyridine (see 
Example 2). For aI1 of the compounds the reaction is 
prcferablv run at a temperature of from about 0’ C. to 
10” C. or*m*re preferably from Q* C. to 5’ C. The reac- 
tion is preferably run in g suitable inert solvent such as 
a haiohydrocarbon. preferably chloroform, dichloro- 
methane, I, 1 cdichloroethane, 1,2-dichloroethane, 1,f. l- 
trichloroethane, 1, I ,2-ttichloroethane, or mixtures 
thereof,’ and most preferable dichloromethane. 

Note that when ethanolamine is used in this second 
reaction step, a I I I 2-hvdroxvethvl containing carbamate is 
produced 

SF+=C(Rl) l 

N:WCWQi$Hi 

To increase the energv of this compound the 
-SHCH$X~QH group - is nitrated to form a 
-W-KH~C~~ONO~ group. Conditions for this Gtra- 
tion are illustrated by example 5. a4n even more ener- 
getic compound is formed bj* nirratinp the 
-WKH~CH$YW~ group under more seer condi- 
tions to produce a --N(,h;U~)CH~CH$3?;U~ group. 
Sultabk conditions for this nitration are illustrated bv c 
esampic 6. 

Compounds produced hv the process include I 

-w -s- 

SFfN~[OC~2CF(N02)2J[OCH2CF2(N02)], . 
SFsN~[OCH2CF~02)2)(0CH~CF3), 
SFsN~[OCH2CF(N02)2](~~~), 
SFSN-[~CH~CF(NQ~)~]~~CH~CH~ON~~), 
SF5N=C[OCH2CFOIJ02)2][~(~~~)CHaCH2ON02j, 
SFshT-,[OCH2CFt(N02)]2, 
SF5N--r[OCH2CF2(~02)](0CH?CF3), 
SFS~=C[OCH~CF~(N~~)I(NH~), 
SFsN--r[OCH2CF2(NO2)](I’u’HCH2CH!ONO?), 
SFrTu’--r[OCH~CF2(N02)]tN(.hjQ2)CH2C~~~~~~], 
SFsNd(OCH2CF;)2, 
SF~~-r(UCH~CF$(NI~)~ 
SF~?V=C(CXH~CF~)(~HCH:!CH~QNOt), 
SFT~-~(OCH~CF~)[N(~U~)CH~CI~~~~Q~]. 

tie pentafluotosulfanvhmine chloroformates, car- 
bonates, and carbamateskf this invention differ from 
conventional chloraformatcs, carbonates, and carba- 
mates in that they contain a pentafluorosulfanylimine 
group, 

rather than a carbonyl group, 

0 
II 

-C-, 

As illustrated by Table 1, the pentafluorofanylimine 
group provides energetic compounds having greater 
densities and higher oxidant balances than the corre- 
sponding carbony cumpounds. The greater the density? - 
the more energetic the expiosive. Higher oxidant bai- 
awes mean that less oxidizer material is required. 

TABLE 1 
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TABLE l-continued 
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Oxidant Balance, 

The calculated densities in Table I were cakulated 
according to a method taught by Cichra, D. A., Holden, 
J, R. and Dickinson, C., “Estimation of Normal Densi- 
ties of Exploskt Compounds from Empirica Atomic 
Volumes,” NSWC TR 79-273, February, 1980, Naval 
Surface Weapuas Center, Silver Spring, Md. 

The oxidant balance (U&m) was calculated by the 
method taught by M1 J. Kamlet and H. G, Adolph, 
Proceedings of Seventh Symposium (International) on 
Detonation, June 1619, 1981, Annapolis, Md., page 85. 
Oxidant balance (OBlm) is defsned as the number of 
equivaknts of oxidant per 100 grams of explosive above 
the amount required to bum all hydrogen to Hz0 and 
HF and al1 carbon to CO and is represented by the 
equation, 

where no, no, no, and ncrepresent the number of atoms 
of the respective elements in the molecule, and ncm is 
the number of carboxy groups. Sulfur is considered 
equivalent tu oxygen since S gives the equivalent oxida- 
tion products of CUS and HzS. 

Conventional plastic bonded explosives mav be im- 
proved by incorporating an energetic plasricizk which 
is SF_sN-rfOCHzCH2C(NU2)slfOCHICF(N02kl, 
SF~N-r[NH2][0CH2CF(N02)2j, 
SFrN~[NHCH2CH2Uh’021tOCIf2CF(NU2)~], or 
mixtures thereof. SF5N~[OCH2CM2C(NU2),1. 
][CXW~CF(NU~)J] and SF~N=C[NHCM2CH#YU$ 
[OCH~CF(NCIz)2] are preferred as plasticizers because 
they are liquids at fdOrn temperature. 
SFT~-~[OCH~CH~C(NO~)~][~C~~CF~~~~)~] is the 
most preferred plasticizer because of its low melting 
point, high energy content, and high stability. 

The general nature of the invention having been set 
forth, the following examples are presented as specific 
illustrations thereof. It will be understood that the in- 
vention is not limited to these specific examples, but is 
susceptible to various modifications that will be recog- 
nized by one of ordinary skilled in the art. 

EXAMPLE 1 
2-F1uoro-2.2-dinitroethylch~oroformate, penta- 

fluorosulfanyiimine 
A solution of 2.85 g (0.013 mole) of pentafluorosul- 

fan~ldichloroimine and 2.2 g (0.014 mole) of Sfluoro- 
2,2dinitroethanol in IO ml of dichloromethane was 
stirred in an ice bath duting the dropwise addition of I.0 
g (0.0125 moie) of pvridine in 8 ml of dichlorornetirane 
ma 15 minutes. The reaction solution u-as stirred ar 0” 
C. for 30 minutes before dilute hydrochloric acid US 
added ar”ter which the dichloromethane solution was 
separated and dried over sodium sulfate. The volariies 
were removed tu give 4.2 g of liquid which was chra- 
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6 
matographed on Sika gel 40 using dichloromethane- 
hexanes (W50) as eluent to gi\*e 3.6 g (84%) Of pure 
2-fluro-2.2-dinitrotthylchloroformate, pentafluorosul- 
fanyhmine as a liquid; ‘H-XhlR (CDCJ1): 5.46 (d); IR 
(film): 1665 (C=N), 1610 (IQ), 880-790 (SFd cm-! 
Anal C&d. for C3H#F@QS: C, 10.55; H, 0.59; F, 
33.37; N, 12.30; 5, 9.39. Found: C, 10.58; ?I, 0.64; F, 
33.27; N, 12.41; S, 1U.M. . 

EXAMPLE 2 

ate, pentafluorosulfanylimine 
To a solution of 0.7 g (O.CKG mole) of 2-fluoro-2,2- 

dinitroethylchloroformate, pentafIuorosulfanylimine 
and 0.65 g (0.0033 mole) 3,3,3-trinirropropanol in 7 ml 
of dichloromethanc stirred at 0” C. u’as added 0.17 g 
(0.0022 mole) of pyridine in 2 ml of dichloromethane. 
The reaction solution was stored in a refrigerator at 
approximately 3” C. for 44 hours before dilute hvdro- 
chloric acid was added. The dichloromethane solution 
was separated and died over sodium sulfate before the 
vdatiles were removed to give 1.2 & of oil. Chromatog- 
raphy on Silica gel 40 using dichloromethane-hexanes 
(WSO) a~ eluent gave 0.6 g (60%) of pure (2~fluoro-2,2- 
dinitroethyl)(3,3,3-trinitropropvl) carbonate, penta- 
fluorosulfanyhmine which w& stimed under verv cold 
htmes to give solid (2-fluoro-2.2-dinitroethy$3,3,3- 
trinitrapropyl) carbonate, pentaflu0rosulfanylimine (mp 1 
2’ C.); ‘N-NMR (CDCl$ 3.66 (t, 2 I-I); 4.83 (t, 2 H); 
5.38 (d, 2 H); TR (film): 1680 (C=Y); 1610 (N@); 
87&790 (SFs)cm - 1, Anal Calculated for 
0,&,P&012S: C, 14141; H, 1.21: F, 22.79; X. 16.80; 5, 
6.41, Found: C, 14.33; H, 1.27; F, 22.87; k, 16.72: S, 
6.63. 

EXAMPLE 3 

2-Fluoro-2,2-dinitroethyl carbamate. pentafiuorosuf- 
fanylimine 
A solution of 2.0 g (0.0058 male) of 2-fluoro-iJdini- 

troethykhloroformate, pentanuorosulfan~limine in 8 
ml of dichloromethane stirred at 0” C. was carefurl>? 
exposed to ammonia gas for approximate& 3 hours until 
thin-layer chromatographic (TLC) anal>*sis indicated 
that no 20nuoro-2.2-dinitrotthylchlorof~ntate. penta- 
fluorosulfanyhmine remained. The reaction mixture 
was extracted with 2 x 20 ml of water before the dichlo- 
romethane solution was dried over sodium sulfate and 
the volatiles were removed tc give 1.90 g of oil. Chro- 
matography on Silica gel. 60 gave 1.84 g (98%) of 2- 
fluoro- 2,2=dinitroethyl carbamate? pentafluorosul- 
fanylimine mp 28.Y-30° C.: WXMR (CDCl:,j: 5.33 
(d); 5.58 @&ad, NH2); IR -(film): 3670, 3455 (NHl), 
1690 (C-N); 1610 (NOz), KC-800 (SF&n-? Anal. 
Calculated for C&F&0:S: C, 11.18: H. 1.25; F, 
35.39; I+, 17.39; S, 9.95. Found: C, 11,M; H, 1.18; F, 
35.71; N. 17.57; 5, 9.77. 

The liquid density of 2-fluoro-?.?-dini~roe~h~o~ carba- 
mate. pentafluorosulfanyiimine at SO” C. was measured 
via a pyctlomerer and found to be I -El R /,.A 5,’ LL. 

EXAMPLE 4 
~-(2-hydroxyethyl)-2-fluoro-f,:-dinirroerh~.I 

mate, penrafluorosulfan!.Ijrn;ne 
carba- 

To a solur~on of 0.7 g (O.KZ mole) of Mluorcl-2.2- 
dinirrochkvobmate. pentar?u~rosulr”an~.iImlne in 5 n?i 
of dichloromethane stirred at 0’ C. u-u added CC? f 
(0.004 mole) of ethanolamine in 5 mi cf blchioromer’n- 
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through a low temperature still (still head cooled to 
- 60’ since SF5Cl frezes at -Me). The colorless 
fraction distilling at - 23” to I 21’ (lit. 4 reports 
- 21”) amounted to 125 g.; . . . indicated the distil- 
late contained at least 95% SFQ. 

The conversation was about 75% . . a Tullock et al. 
then teach the synthesis of SF5NsC12. 

Addition of SF&l to CN-Containing Compounds. 
-All of the ultraviolet-light catalyzed reactions 
were carried out in a similar manner. The reactor, 
either a 120 or 22-l. Pyrex flask was provided with 
a quartz well, L5 in. in diameter and 16 in. deep, 
which extended from the neck into the center of 
the flask. A low-pressure mercury vapur resonance 
lamp, in the form of a tightly wound IO-in quartz 
spiral, 6 mm. in diameter, which was inserted inta 
the well, was the ultraviolet light source. The lamp 
was powder by a 5ooO v., 60,milliamp transformer. 
The reactor flask was evacuated behind a protec- 
tive shield and the gaseous reactants were added in 
sufficient quantities so that their initial pressure 
ranged from 6oQ to 730 mm, pressure. Since the 
products were liquids, the extent of the reaction 
could be estimated by the decrease in pressure as 
reaction proceeded. When reaction stopped or 
slowed considerably, the ractants were removed 
and were purified by distillation either through a 
packed, low-temperature column or a spinning- 
band caJumn. 

A. Preparation of SF,TN=CC~~. A 12-l., round-bot- 
tomed flask containing cyanogen chlotide (14 g., 
0.23 mole) and SFsCl (37 g., 0.23 mole) was irradi- 
ated for 6.5 hr., after which the cawznrs were 
transformed to a liquid nitrogen cooled. evacuated 
trap and then allowed to warm up gradually to 
room temperature. The liquid from two such ex- 
periments were combined to give 37 g., amounting 
to a 36% conversion, of colorless SF5=CC12, b.p. 
s6t-88c l . I 

Obviousiy. numerous modifications and variations of 
the present invention are possible in light of the forego- 
ing teachings. It is therefore to be understmd that 
within the scope of the appended claims the invention 
may be practiced otherwise than as specifically de- 
s&bed. 

What is claimed is: 
1. A compound of the formula SF$Qd(C!)R 

wherein R is --OCH5CW2C(NOz)3, -UC&C- 
(YQ2):CW :. --OCH2C(NU2)3, --OCW2CF(N02)2, 
--OCHzCF2(NQ), or --OCH$ZFJ. 

2. ‘The compound of claim 1 wherein R is 
-OCH~CH~C(SU~)I, or --OCH2CF(NQ)2. 

3, The compound of claim 2 wherein R is 
--uCW~CF(w3:~~. 

4. .A compound of the formula 

SF5h’=t--R 1 
R: 

5 
wherein RI is --OCH$X2C(NO2)3, --OCJ”kC- 
(NOMh -UCW2C(NO2)3, --OCH2CFINO& 
--OCHzCFz(NO2), or OCHzCFj, and wherein R2 is 
--OC&CH2C(MI2)3, CH$X(N02)2, --OC&CF;. 

10 (NOI), OCH2CF3, -NH?, -NHCH~CH~ONOZ or 
-N(N02)C&CH2UNO2, provided that if R1 is 
-OCHzCF(N02)2then R2 is not -UCH~CF(?JO~)Z+ 

5. The compound of claim 4 wherein RI is 
--OCHZC&C(~Oz)J Or --OC&CF(N02)2. 

15 6. The compound of claim 5 wherein RI is --CHQa 
WO2)2* 

7. The compound of claim 4 wherein R2 is 
--OCH2CH2C(NO2)3, --OCH2CF(N02)2, --N&, 
--NHCH2CHzON02, or --N(NU2)CH2CH20NU2. 

20 8. The compound of claim 7 wherein R2 is 
--oC&c&c~02)31 -N&, -NHCH2CH$XQ, 
ur --N(NU2)CH2CH#NO2. 

9. The compound of claim 4 wherein Rl=R2. 
10. The compound of claim 4 wherein R+R2, 

25 Il. A plastic bonded explosive wherein the improve- 
ment comprises using an energetic plasticizer of the 
formula 

wherein It is ~-UCN~CH$(SQ)J, --NH2, 
--NHCH#=I20N02, or mixtures thereof. 

35 12. The plastic bonded explosive of claim 1’1 wherein 
the energetic plasticizer is 

13. The plastic bonded explosive of claim 11 wherein 
the energetic plasticizer is 

45 

X4. The phstic bonded explosive of claim II wherein 
50 the energetic plasticizer is 

SF+=C=WH:CF(NOr,2. 

NHCH2CH~02u’O~ 
55 

15. The compound of claim 4 that is 
SFs~--r[OCfi~CH2C(N02)~1]0CIf~CF(NO~)2f. 

X6* The compound of cbkn 4 that is c 
SFsh’~[OCH2CF(NO~}~]o. 

60 17. The compound of claim 4 that k 
SFS~:-~[OCH~CF(~O~)~]~~HCH~CH~U~~~). 

IS. The compound of claim 4 that is 
SF_rN~[OCH2CH,C(NO~~l]lNH:t. 

8 8 8 8 8 


